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Purpose: This study aimed to investigate the effects of patient-directed interactive music on 
saliva melatonin levels and sleep quality among postoperative elderly patients in the inten-
sive care unit (ICU).
Patients and Methods: A total of 133 elderly patients were randomized into three groups: 
interactive music therapy (IMT), passive listening (PL), and the control group. The control 
group (n = 45) received routine medical care, while IMT and PL groups received music 
therapy on ICU day 1. The IMT group received up to 20 mins of interactive music sessions, 
including relaxation techniques. The PL group received only pre-selected relaxing music- 
listening for 30 mins. Saliva melatonin and cortisol levels were measured three times at 11 
p.m. (preoperative, operation day, and postoperative day [POD] 1). The Richards-Campbell 
Sleep Questionnaire (RCSQ) and Quality of Recovery-40 questionnaire (QoR40) were 
administered on the preoperative day, as well as PODs 1 and 2.
Results: The RCSQ showed a significant improvement in the IMT group compared to the 
control group on POD2 (71.50 vs 56.89, p=0.012), but the QoR40 did not show any 
difference between groups. The quality control of the saliva sample was not available due 
to the immediate postoperative patient’s condition, resulting in a higher dropout rate. Saliva 
melatonin levels on POD 1 were elevated in the IMT group compared to the control group 
(1.45 vs 0.04, p=0.0068). The cortisol level did not show a significant difference between 
groups.
Conclusion: Single IMT intervention improved subjectively assessed short-term sleep 
quality in postoperative elderly patients. It is difficult to conclude whether music therapy 
intervention affects the level of melatonin and cortisol.
Trial Registration: The study was registered at ClinicalTrials.Gov (number 
NCT03156205).
Keywords: critical care, delirium, music therapy, melatonin, sleep
Introduction
Sleep deprivation or disruption is a common problem in the intensive care unit 
(ICU).1,2 Both environmental and personal factors contribute to sleep problems and 
can lead to an increase in delirium, mortality, and the length of ICU/hospital stay.3 
Patients admitted to the ICU after surgery are unable to sleep for various reasons. 
Postoperative pain, separation from the family, fear of unfamiliar surroundings, 
bright lights at night, noise inside the ICU, and anxiety over the results of surgery 
can make it difficult for patients to sleep.1,4,5 Moreover, the highest rate of delirium 
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occurs in hospitalized older adults, and it can be more 
critical in older patients with age-associated changes 
exacerbating acquired weakness during ICU stay.6 To 
improve sleep quality in ICU patients, intravenous seda-
tives like benzodiazepines can increase total sleep time, 
but they alter the physiological natural sleep pattern, and 
decrease the time spent in the most restorative phases 
compared to the phases normally mediated by melatonin; 
melatonin production is decreased in critically ill 
patients.7
In response to the need for secondary ICU outcomes, 
non-pharmacological interventions have been suggested to 
promote sleep quality in the ICU.8 A recent critical review 
revealed that a wide range of non-pharmacological inter-
ventions have been implemented in the ICU such as mas-
sage, mindfulness-based stress reduction, ear plugs, or 
listening to music. Evidence for the effects of non- 
pharmacological interventions is generally low because 
of limitations and inconsistencies in trial design.5 
Listening to music has been selected to improve the quan-
tity and quality of sleep due to high accessibility and cost- 
effectiveness.9 There is a growing interest in applying 
music in the ICU to mitigate negative physiologic out-
comes such as anxiety or stress and altered cortisol and 
melatonin level10 and possibly reduce the need for drugs.11 
Depending on the characteristics of the critical illness, 
limitations may exist in applying certain interventions.
Music therapy has been shown to be effective for 
patients with primary insomnia.12 A study of surgical 
patients reported that patients who underwent cardiac sur-
gery had a 30-min music session at 9:00 p.m. and experi-
enced improved sleep quality.10 A meta-analysis of music 
therapy clinical studies in the ICU by Umbrello et al13 
indicated that music therapy could reduce anxiety and 
stress in critically ill patients. In 2018, the Society of 
Critical Care Medicine referred to music therapy as a non- 
pharmacologic pain therapy for critically ill patients.4 As 
such, evidence is accumulating that music therapy can be 
an important treatment approach for critically ill patients.
While music-listening is a musically receptive beha-
vior to address stress, anxiety, or pain in medical 
research, music therapy is defined as a therapeutic pro-
cess including music therapists and an interaction devel-
oped through music experience.14 Considering the 
multiple factors underscoring sleep deprivation, the 
active use of music will likely be necessary to maximize 
the therapeutic effects of music.15 Recent studies have 
examined active music therapy incorporated with guided 
imagery or relaxation with music and patient-selected 
song choices in treatment procedures.11,16
Increased patient participation is a major concern for 
music therapy to promote sleep among older ICU patients. 
Moreover, promoting sleep and rest can be achieved by 
regulating energy consumption throughout the day and 
night;17 therefore, the frequency and engagement level 
are both important in ICU interventions. Due to disrupted 
circadian rhythms interfering with the sleep-wake cycle, 
consistent and continuing interventions to achieve restora-
tive sleep among older ICU patients are required.1 To date, 
there have been no studies integrating proportioned inter-
ventions to match sleep patterns with increased participa-
tion levels in elderly ICU patients. Therefore, the aim of 
this study was to compare the effects of two different 
interventions (patient-directed interactive music therapy 
and passive listening) on sleep quality and melatonin/cor-
tisol levels in postoperative elderly patients admitted to 
ICU, as well as investigate the impact of music therapy on 
clinical outcomes.
Patients and Methods
This study was conducted in accordance with the princi-
ples of Good Clinical Practice and was approved by the 
Institutional Research Board of Severance Hospital (refer-
ence number 4–2016-0873). Severance hospital is 
a tertiary university hospital with a total of 2500 beds. 
The day before surgery, researchers screened subjects 
scheduled for ICU admission after elective major surgery, 
confirmed their intention to participate in this randomized- 
controlled study, and obtained written consent. The 
patients received fully informed interactive music therapy 
during their postoperative ICU stay. Patients were ran-
domly allocated to three groups (patient-directed interac-
tive music therapy group, passive listening group, control 
group) by an investigator using a reproducible set of 
computer-generated random numbers via a web-based sys-
tem (REDCap). The allocation was thus concealed until 
the last minute of the process of obtaining consent. The 
trial was conducted in accordance with the Declaration of 
Helsinki. The study was registered at ClinicalTrials.Gov 
with the number NCT03156205.
Exclusion criteria included neuropsychiatric history, 
alcoholism, dementia, impaired cognitive dysfunction, cer-
ebral infarction, transient cerebral ischemic attack, severe 
liver disease, kidney disease, diabetes, sleep disorders 
before admission, and emergency surgery. The control 
group received only routine medical care (n=45). The 
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other two experimental groups received either patient- 
directed interactive music therapy (IMT) (n=44) or passive 
listening (PL) (n=44). Figure 1 shows a schematic of the 
research process. Figure 2 shows a flow diagram of the 
patients. Before surgery, to evaluate the quality and dura-
tion of sleep, the Richards-Campbell Sleep Questionnaire 
(RCSQ) was administered to all participants. This five- 
item, visual analogue scale was designed as an outcome 
measure for assessing the perception of sleep in critically 
ill patients.18 The scale evaluates perceptions of the depth 
of sleep, sleep onset latency, number of awakenings, time 
spent awake, and overall sleep quality. Each RCSQ 
response was recorded on a 100-mm visual-analogue 
scale, with higher scores representing better sleep and the 
mean score of these 5 items, known as the “total score,” 
representing the overall perception of sleep. The Quality 
of Recovery-40 questionnaire (QOR40) was used to assess 
the quality of recovery after general anesthesia, which may 
affect sleep. The QOR40 is a widely used, self-rated, and 
self-completed questionnaire for postoperative patients. 
Figure 1 Time table.
Figure 2 Participant flow chart.
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The questionnaire is composed of 40 items divided into 5 
sub-scales, including physical comfort, emotional state, 
psychological support, physical independence, and 
pain.19 The average time taken to complete the QoR-40 
is 5 mins.20 The RCSQ and QOR40 were measured once 
a day between 8 a.m. and 9 a.m. on the first and second 
PODs. All subjects were screened for postoperative delir-
ium with the Confusion Assessment Method for the ICU 
(CAM-ICU) three times a day during ICU stay. The CAM- 
ICU appears to be rapid, valid, and reliable for diagnosing 
delirium in the ICU setting and may be a useful instrument 
for both clinical and research purposes.21 It has four fea-
tures: (1) altered mental status/fluctuating course, (2) inat-
tention, (3) altered level of consciousness, and (4) 
disorganized thinking. The result is positive if a patient 
has both altered mental status or fluctuating course 
(Feature 1) and inattention (Feature 2) and either altered 
level of consciousness (Feature 3) or disorganized thinking 
(Feature 4). Pain was assessed daily by assigned nurses on 
a numeric rating scale (NRS). We assessed postoperative 
pain using the NRS at least four times a day and controlled 
the pain so that the NRS did not exceed four points.
In order to measure cortisol and melatonin, 
a commercial Salivette® (SARSTEDT AG & Co, 
Nümbrecht, Germany) tube containing a cotton wool 
swab was used to collect saliva. The swab was rotated in 
the mouth for at least 2 min and inserted back into the 
tube. Saliva was collected at 9 p.m. every night before 
surgery, on the day of surgery, and 1 day after surgery. The 
samples were analyzed by a commercial enzyme immu-
noassay (EIA, Salivary Cortisol Enzyme Immunoassay 
Kit, Salimetrics LLC, State College, PA, USA). The limit 
of quantification of the ELISA assay is the melatonin and 
cortisol concentrations in saliva that can be measured with 
an inter-assay coefficient of variation (CV) of less 
than 15%.
Patient-Directed Interactive Music 
Therapy Intervention
The IMT group participated in (a) individual music ther-
apy implemented by a certified music therapist during 
the day and (b) individual music-listening at night. 
During the day, patients participated in an individual 
music therapy intervention for approximately 15–20 mins 
between 10 a.m. and 12 p.m. The intervention was com-
posed of the following sequence: a breathing exercise with 
music, interactive music-making, followed by the same 
breathing exercise. For breathing control with music, exer-
cises for breathing in and out slowly and deeply were 
performed with the provision of music in which the type 
of melodic pattern (eg, rising and falling) and changes in 
loudness (eg, increasing and decreasing) were composed 
to match the cycle of inhalation and exhalation. The selec-
tion of music was determined on the basis of the patient’s 
preferred genres of music reported by the patient at their 
initial interview. The type of musical task and level of 
engagement varied depending on patient’s physical and 
emotional states. The intervention ended with a breathing 
exercise so that the patient was reminded of how to self- 
initiate simple exercises during their ICU stay or during 
music-listening at night.
At night, earphones and an MP3 player were provided 
with which participants could listen to music for 30 mins 
between 8 and 10 p.m. Prior to music-listening, a music 
therapist assessed whether each patient was willing to 
listen to the list of music presented. Each participant was 
then encouraged to perform this exercise while listening to 
music. If a patient requested to stop their participation, or 
if medical professionals judged that a patient’s medical 
condition prevented them from continuing their participa-
tion, they were withdrawn from the study.
Passive Music-Listening Intervention
The PL group listened to music at night without music 
intervention during the day. As per the IMT group, the 
duration of music-listening was 30 mins. The MP3 player 
was set to automatically turn off after 30 mins. The 
selected music had been judged as relaxing in prior stu-
dies. Classical pieces of music or contemporary instrumen-
tal music, including Air for G string, Allemande, Canon, 
Nocturne, and Swan were selected. Prior to music- 
listening, a list of music pre-selected by the therapist was 
shown to each patient. If a patient opted not to listen to the 
music provided, another list of pre-selected music was 
presented. If the patient requested to stop listening to 
music, they were withdrawn from the study.
Statistical Analysis
IBM SPSS version 20.0 (IBM Corporation, Armonk, NY, 
USA) was used for all analyses. We calculated the number 
of subjects based on a previous study comparing the qual-
ity of sleep according to relaxation music therapy.10 Based 
on the results from the previous study, we assumed that the 
IMT group and the control group had a significant differ-
ence in sleep quality scores of 28 points or more (α = 0.05, 
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power = 80%), and 45 people per group were calculated 
using the PASS software (power analysis and sample-e 
package, NCSS statistical software). Efficacy was evalu-
ated by both the full Analysis set (FAS, based on the 
intention-to-treat principle) and the per-protocol set 
(PPS); FAS findings were interpreted as the main results. 
The FAS comprised participants who underwent music 
therapy after randomization and did not violate the inclu-
sion or exclusion criteria. The PPS comprised participants 
who completed the trial without any significant protocol 
deviations that could affect efficacy. The per-protocol set 
consisted of subjects whose evaluated variables were 
observed in POD2, which was the main evaluation point. 
Observed-case analysis included those with missing data, 
which were not imputed for the missing value. To com-
pensate for the missing value due to the limitations of 
saliva sample collection, the linear mixed-effects models 
with a random intercept that is a more informative method 
using repeated measured data was further used. (Figure 3) 
Results of demographics are expressed as the mean ± 
standard deviation, numbers (proportion), median (inter-
quartile), or least-squares means ± standard error. To test 
for difference in baseline characteristics between three 
groups, Kruskal–Wallis test or one-way ANOVA was 
used for continuous variables. Chi-square test, or Fisher’s 
exact test was used for categorical variables. Bonferroni 
correction was adapted for multiple comparisons.
Results
A total of 200 patients were screened (Figure 2). With the 
exception of 48 patients who altered their postoperative 
plans and were transferred to the general ward after sur-
gery, and five patients who canceled the surgery, 147 
patients were enrolled in the study. A total of 133 patients 
were included in the final analysis, excluding three 
patients who refused to participate in the study and 11 
who were lost to follow-up (Table 1). No subject refused 
to listen to music after participating in the study. Table 1 
summarizes the characteristics of the patients. There was 
no difference in demographics between the three groups. 
Patients’ outcomes including ICU/hospital stay, mortality, 
and delirium were not significantly different among the 
groups.
Figure 3 Results at three measurement points. (A), QOR40 (B), melatonin changes (C) and cortisol changes (D). Graphs are presented as mean with error bar showing 
standard error. Preop is the preoperative baseline point of time, and POD1 and POD2 are before and after intervention after surgery. *Indicates a significant group by time 
interaction effect from linear mixed-effects model. *p <0.05.
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Sleep Quality and Quality of Recovery 
from Surgery
Sleep quality evaluated with RCSQ on POD2 was signifi-
cantly improved in the IMT group than in control groups 
(Table 2). After intervention, the mean and standard devia-
tion of RCSQ values were statistically different with IMT 
vs control 71.50 ± 26.07 vs 56.89 ± 23.77 (p=0.007) Post- 
hoc analysis with the Bonferroni correction were per-
formed for multiple comparisons when RCSQ showed 
significant differences between groups (p=0.00021). The 
mean and standard deviation of QOR40 values after inter-
vention were not statistically significant, 167.4 ± 22.16 vs 
160.2 ± 22.49. (p=0.1338)
Biomarkers, Melatonin, and Cortisol in 
Saliva
Saliva melatonin levels on POD 1 were elevated in the 
IMT group compared to the control group (1.45 vs 0.04, 















Sex (M:F) 31:13 32:12 35: 10 0.724 b
ASA class, n (%) 0.792 c
2 3 (6.8) 4 (9.1) 5 (11.1)
3 32 
(72.7)
30 (68.2) 34 (75.6)
4 9 (20.5) 10 (22.7) 6 (13.3)
Department 0.854 c
Urology, n (%) 25 
(56.8)
21 (47.7) 26 (57.8)
Orthopedics, n (%) 13 
(29.5)
12 (27.3) 13 (28.9)
Obstetrics & 
Gynecology, n (%)
3 (6.8) 3 (6.8) 2 (4.4)
General surgery, 
n (%)
1 (2.3) 2 (4.5) 1 (2.2)
Otolaryngology, 
n (%)
0 (0.0) 0 (0.0) 1 (2.2)
Neurosurgery, n (%) 2 (4.5) 6 (13.6) 2 (4.4)







Hypertension, n (%) 31 
(70.5)










23 (52.3) 17 (37.8) 0.441 b
COPD, n (%) 5 (11.4) 7 (15.9) 11 (24.4) 0.106 b
Smoking, n (%) 4 (9.1) 9 (20.5) 8 (17.8) 0.311 b
Alcohol, n (%) 5 (11.4) 7 (15.9) 11 (24.4) 0.253 b
Pre-op insomnia, 
n (%)










General anesthesia 31 
(70.5)
32 (72.7) 32 (71.1) 0.972 c
(Continued)








Length of hospital 
stay, median (IQR)
6 (4:9) 8 (5:14) 7 (4:9) 0.292 e
Length of ICU stay, 
days (M ± SD)
2.2 ± 
0.9
2.1 ± 0.4 2.0 ± 0.1 0.228 d
Post-op MV, n (%) 3 (6.8) 3 (6.8) 2 (4.4) 0.819 c
Post-op delirium, 
n (%)
3 (6.8) 0 (0.0) 2 (4.4) 0.286 c
Mortality, n (%) 1 (2.3) 1 (2.3) 0 (0.0) 0.549 c




































Notes: aOne-way ANOVA. bChi-square test. cFisher’s exact test. dKruskal–Wallis 
test. eMedian test. Postop delirium: Intensive Care Delirium Screening Checklist 
score ≥4; Data are n (%), median (IQR), or mean (SD). 
Abbreviations: ASA Class, ASA physical status classification system, 1~6; 
APACHE II, acute physiology and chronic health evaluation II; COPD, chronic 
obstructive pulmonary disease; MV, mechanical ventilation; IMT, interactive music 
therapy; PL, passive listening; SD, standard deviation; IQR, interquartile range; 
ANOVA, analysis of variance; RCSQ, Richards-Campbell Sleep Questionnaire; 
QOR40, Quality of Recovery-40 questionnaire.
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p=0.0068). No significant differences in cortisol levels 
were detected among the three groups (Table 3).
Discussion
Adequate sleep is required for recovery from critical ill-
ness and prevention of delirium. Recent trials have 
reported that ICU patients suffer from severe sleep distur-
bances because of various factors such as pain, noise, 
anxiety, and environmental discomfort.1 Many comple-
mentary and alternative measures including music- 
listening, massage, and environmental modification have 
been implemented to attenuate factors interrupting 
sleep.5,22 Providing music can be an effective way to 
promote sleep in critically ill patients, and patient- 
directed interactive treatment may be therapeutically 
superior to passive listening for patient outcomes.11,16 
We observed that interactive music therapy could improve 
the quality of sleep in postoperative elderly patients after 
surgery over routine care or passive music-listening.
These results support the fact that patient-directed 
interactive music therapy could be a potential option for 
addressing the sleep-related issues of critically ill patients. 
Numerous trials have attempted to improve sleep and 
prevent delirium in critically ill patients. Hypnotics 
(including benzodiazepines and propofol) have been used 
in clinical fields for many years to promote sleep, but have 
been associated with delirium and are no longer 
recommended.8 Antipsychotics and antidepressants are 
the most widely used agents to mitigate anxiety and 
improve sleep; however, their use can be complicated by 
side effects such as arrhythmia. Recent trials using mela-
tonin and dexmedetomidine have shown promising results. 
Skrobik et al23 reported that nocturnal dexmedetomidine 
could reduce the incidence of delirium in ICU patients. 
Administration of low-dose intravenous dexmedetomidine 
from 9 p.m. to 6 a.m. improved sleep quality. Although 
there is insufficient evidence for improvement of delirium 
or sleep in critically ill patients by melatonin administra-
tion, it is well established that surgical patients are more 
vulnerable than medical patients to sleep disruption and 
melatonin imbalances.24 Perioperative stress including 
pain, anxiety, and inflammatory responses influences the 
balance between melatonin secretion and elimination.
For non-pharmacologic approaches, many modalities 
of care have been attempted, including music, modifica-
tion of ventilatory mode, masking sensory input such as 
wearing eye masks or earplugs, providing quiet time, 
acupuncture, and aromatherapy.8 Among them, providing 
music therapy in combination with other modalities has 
demonstrated some benefits of relieving pain and anxiety 
and/or promoting sleep.9–13,16 Hu et al10 investigated the 
effects of sensory masking with earplugs and eye masks 
combined with relaxing music in 50 adult cardiac surgical 
patients. They observed that earplugs, eye masks, and 
music could improve sleep quality; however, urinary mel-
atonin and cortisol levels were not significantly different. 
A common finding between this study and our work was 
that music improved the subjective perception of sleep in 
postoperative ICU patients. While we observed increased 
salivary melatonin levels with interactive music therapy, 
Hu et al reported that passive music-listening with sensory 
Table 3 Melatonin and Cortisol Level in Saliva Sample
























Notes: Data are expressed as least squares means (standard error), values were 
assessed with a linear mixed-effects model. *P-value was obtained with a Bonferroni 
correction for multiple comparisons. **p <0.05. 
Abbreviations: IMT, interactive music therapy; POD, postoperative day.
Table 2 Richards-Campbell Sleep Questionnaire and Quality of 
Recovery 40 Questionnaire (N=133)
























Notes: Data are expressed as least squares means (standard error), values were 
assessed with A linear mixed-effects model. *P-value was obtained with 
a Bonferroni correction for multiple comparisons. **p<0.05. 
Abbreviations: IMT, interactive music therapy; POD, postoperative day; RCSQ, 
Richards-Campbell Sleep Questionnaire; QOR40, Quality of Recovery-40 
questionnaire.
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masking did not increase urine melatonin levels. The main 
difference between interactive and passive music therapy 
is patients’ engagement level in musical tasks to stimulate 
their physical and emotional states. Music therapy in the 
ICU has gained interest as a tool for distraction from pain 
or negative emotions by masking environmental sounds. 
Recent studies have reported the extensive use of music 
including composing music25 or making music lists for 
individual music-listening.16 By increasing patients’ 
engagement level in musical tasks, PDIMT (Patient- 
directed Interactive Music therapy) in this study high-
lighted the potential of applying music-making procedures 
in elderly patients to stimulate physiological and psycho-
logical changes. Previous studies have reported the effects 
of using music on patients in the ICU,13,16 yet the patients’ 
engagement level has not been considered to the same 
degree. Here, IMT focused on double intervention during 
the day and at night for encouraging self-initiated use of 
music as a patient-centered perspective in ICU care. In this 
regard, IMT is the first attempt to tailor musical tasks for 
elderly patients in the ICU by integrating both listening to 
playing music and vocal participation. This implies that 
active musical participation should be considered for 
elderly patients in the ICU to promote physical and mental 
recovery by improving sleep quality.
From the perspective of clinical implications of our 
work, patient-centered and family-centered care are high-
lighted in clinical fields, especially in critical care.26 Our 
research group published a study investigating the effects 
of mothers’ voice recordings on postoperative anxiety in 
pediatric patients.27 We observed that music experience 
influences the depression levels of family caregivers of 
critically ill patients.28 We observed that both patients 
and their families were satisfied with their involvement 
in the treatment and recovery process. Further trials should 
focus on the involvement of the family in music therapy, 
which can provide positive effects on post-intensive care 
syndrome for the family.
This study has several limitations. First, it is a single- 
center randomized trial with a small study population, the 
subjects of our study were limited to patients who do not 
need mechanical ventilation, are capable of spontaneous 
ventilation, and are relatively less severe. Second, we 
evaluated sleep quality with the RCSQ, which is 
a subjective questionnaire instead of the gold standard of 
polysomnography. The use of polysomnography would 
have been ideal but applying this method to surgical ICU 
patients would have been challenging due to discomfort of 
the electroencephalogram and the associated expense. 
While polysomnography has been used in medical or 
neurological ICUs,25,29 trials applying it in surgical ICU 
patients are scarce. Third, we investigated the short-term 
effects of only one music intervention session. We 
observed that interactive music intervention induced better 
sleep on that day, but ICU patients typically suffer from 
prolonged periods of insomnia.30 Further investigations 
should target multiple sessions of music interventions 
and their effects on sleep and other clinical outcomes 
such as delirium, anxiety, and pain. Fourth, the limitation 
of this study is the effect of IMT on the level of melatonin 
is statistically significant, but interpretation should be very 
careful. Melatonin is very important for investigating the 
human biological circadian rhythm. However, without 
controlling the ICU environment such as shade or noise 
insulation at night that affects the level of melatonin,2 
there are definite limitations to interpreting the results. 
Unlike animal experimental conditions, the subject’s 
space cannot be separated from other patients’, and unex-
pected emergencies may occur day and night, making it 
very difficult for ICU to secure a controlled sleep environ-
ment. More studies using controlled trials are needed to 
confirm that IMT can affect hormonal changes in post-
operative elderly patients. The last issue which should be 
mentioned is the appropriateness of saliva samples to 
measure melatonin and stress hormones. Due to various 
factors such as hypovolemia, anesthetic pre-medication, 
and the old age of the study population, acquiring an 
appropriate amount of saliva sample was challenging, 
especially on the night of the operation. However, we 
opted to use saliva due to minimal invasiveness and 
patient comfort. Sampling blood or urine during the night-
time could interrupt patients’ sleep due to pain or discom-
fort of moving to the restroom to obtain urine. Considering 
the advantages of saliva samples, only saliva collection 
was planned, but in reality, the saliva secretion was 
reduced in patients after surgery, making it difficult to 
obtain feasible samples, resulting in a high dropout rate 
for biomarker analysis. In addition, continuous sampling 
of melatonin measured in saliva is desirable to assess 
circadian timing by determining the onset of dim light 
melatonin (DLMO), which is the time when the level 
rises above baseline.31 The primary outcome of our study 
is to prove the hypothesis that IMT affects the sleep 
quality score. There are unexpected methodological lim-
itations in proving biological evidence to support this. This 
would be a fruitful area for further work.
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Conclusions
In conclusion, the results of this study demonstrated that 
providing patient-directed interactive music sessions could 
promote subjective sleep quality in postoperative elderly 
patients in the ICU. In addition to pharmacological mea-
sures, our work highlights the potential of non- 
pharmacological interventions, including music, to promote 
sleep in elderly ICU patients.
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